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Global Models and North—South Relations

GRACTIELA CHICIIILNISKY

Ansrrac . Global modelineg has evolved rerparkablv in the last vwo decades,
Such cvelution led v w perform oday’s role as an experimental laboralory
tor the social sciences, and particalarly or applications to palicy planniog.
T of the most intercsting applications w pollcy are to resouree economics
anel o evonomic models of North—South eelations, i.e., the relationships
hetween industrial and developing countres. Examples of North=South
policy issues instigated by global modeliog are developed in rhe contexe ol
a United Nations Muodel of Technology and Narth Suath Relatinns which
evolved from rhe Bariloche global model, Forrher applications of global
madeling are then outlined.

Introduction

(ilobal modeling emerged twenty years ago in an effort 1o address the world’s long-
termn problems { Meadows et al, 1972) and 1o predict important trends and crisis
points. The [eld has evolved methodologically to become an experimental laboratory
fnr the social sciences, This paper examines the Buriloche model, ane of the firse
global madels, and offers an analysis ol is implications tor trade policies and Morth
South relations,

The carly global models were very dependent on the assumptions of their creators
and on the initial data that were fed into cheme this reduced theie reliability and
limited their uscfulness for policy applications. One way o overcome  these
drawbacks was to construcl simplified and smaller versions ol the model, and 1o
perform qualitative analyses of the results and of the model el

Lhe smaller models have the advantage that they can be subjected o qualitative
theoretical analyvses of policies. The global model itself remains a laboratory in which
numerical experiments are performed and potenal lindings suggested. This process
has resulted in many imporant policy msights, including a United Nations Model
for T'echnology and North- South Belations,

The Last Two Decades

Global modeling has evolved remarkably during the last two decades. In the
beginning it was, admitiedly, naive to hope computers would address ambatious
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global and long-rerm issues. Al the time, 1was believed that compurers conld provide
muagical solunioms 1o new proldems, particularly o large seale problems which
rerpuived e analvsis of massive amounts of data and the study of complex
mieractions, Global maodeling certainly fwuses on large issues: peographically, it
perraing to the whole world; intime, i studies long-term problems; and intellectually,
it encompasses a mulitude of disciplines.

Wield resources, pollution, population growth, and hunger were griginally the
muatn issues addressed by global modeling. Ten years later, as the dust created by
the [rst three major models (Meadows e al, 1972 Leontief ot al, 1977; Tlerrera ot
al, 1874 settled, 1L became clear that computers are not omnipotent, Disenchantment
with ther ability to solve humanity’s largest and most dilficull problems ser in, and
led 1o the actempr to incoeporate more aditional saentific tols inte glohal
maodeling. Feonmmics was mroduced 1o study the world’s resonrees and the world’s
hasic needs (Chichilnisky, 19771 sociodngy and political science to studv worled
scenarios {Cole and Miles, 1984, Cole et al, 1973 Treeman and Jahoda, 1978)
socicdngy and political sclence o study aspects of resvurces and pollution {Heal,
1975].

Global madeling became moere respeerable as it integrated with the established
cisciphines, Yeu its bold insistence rhat the world as o whole mattered and char it
could be studied as a scienedtic ohject. albieit by less conventional means, remained
unchanged. Global modeling also cominued 10 provide a link between computer
technolowy and the social sciences, thus crealing an experimental laboratory through
which social scientists eould explore issues and problems, rather than turning 1o
compEer syarems 1o resolve them,

Structural Stability in Global Models and in the Social Sciences

One ol the problems global modeling has Taced [rom the outser is the extreme
sensitivity of the results 1o the mathematical assumptions of the models and the
mdels” iniial data, Siructural seability refers to the Probuastness™ of the results o
small errors or omissions in the initial dara (including both parameter valoes and
lanctional speeifications). Withoot i, very small vanations in the data can lead to
drasrically ditterent results, and therefore che results are non “robust™ or reliable.

Consider, for example, the hypothesis chat resourees are (ised, while population is
crowing exponentallv, For that matter, consider a linear increase in resources, with
an expanential growth in population. Simple arithmetic shows thar a catasteophe will
oceur: the population will run ot of resourees, This will also oceur. unless resources
grow il lewst inoa similar exponential fashion, Tt is clear that the assumprions made
on the rates of growth of the dilferent variables determine to o great extent the resulis,
Phis means thar the results are extremely sensitive to che assumptions, and in
particular to the mathematical assumpuons, which are usvally Iess ohvious o the
reader than other tvpes of assumptions, In che above cxample, we do oot need a
compmter 1o predicl o catastrophe, We do not need o analvee large amounts of daea
either. Furthermore, and this s the peint about stroctural stability, the specific darte
ol the catastrophe depends strongly on the mathematical assumprions about the
ditterent rates of growlh of cthe different variables, which are the imiaal data of che
model. We are, in effece. dealing with issues of sensilivity analyvsis: this is the study
ot how the results depend on the assumptions and the inital duta.

A maodel is “serueturally stable” when s qualitative results are independent of
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small changes in the assumptions and the inital data. Given the paues of data in
the areas studied by clobal models, as well as the nneertainey underlyving the
measurement of data, structural stabilicy 1s clearly an important feature: it guarancees
that small mistakes or ommissions in the assumptions and mitial data do nnd radically
alter the resulis. We can, therelore, rely on the results despite the Lacw that the daia
are imperfect, and that our assumptions may be a bic off.

‘The desirability of structural stability extends to most areas in the social sciences,
The reasons are the same: the results are very dependent on the assumprions, i
lack of proper data, or small errars in the observations, are more the rule than rhe
cxception in the social sciences. This is an imporant methodological diflerence
Lietween the social and physical sciences.

This issue of structural stability lies behind many of the crinosms made ot the
results of the “Limits to Growth” exercise, Tt was the thrust behind the development
at'the Bariloche model,” which ser out in 19710 to answer the worst predictions of the
“Limits 1o Groswth™ for the developing countries, so as not to exhaust the world's
resources, or allernatively their position in the world economy withour threarenmg
ather councrics.

These results were scen as d threat Lo the etforls ol developineg countries oo mprosve
their position in the world, in an era when the “New International Keonomic Crder”
was introduced  proposing advances tor the developing counieies by omeans of
ceonomic growth, The Bariloche model saw the “Limits to Growth™ results as
simple consequence of certain assumprions, which were consulersd as unaceeprabic,
between population growth in the developing countrics, per capila consumplion of
resources in the developing countries and in the world, and certain exponenial
assumplions alour population growth, More nmportantly, Bariloche saw the “Limits
tn Growth” exercise as assuming that human beings do ool oadpust o then
ervironment, since the wends of the differen variables (e.g . consumption palierns,
and resource availabilityy aned their reladonships, are assumed o proceed Blindly
withour any corrections even as the caastrophe nears. Mathematicallv, there ae oo
funetional adjustments beoween the dilferent tremds.

We used Lhe Bariloche model o investigate alternative assumptions and the resule
which would ensue, again using a computer model of the world cconormy, but this tims
assuming certain rational leatures or adjustments of the economie agents: e
maximization of consumption of “basic needs,” a term which was inroduced by
Buriloche for the tirst time in the Tieratore and which had s widespread and illusirous
tollowing throughout the world for many years. As the author of the eronomic model
within Buriloche, T still remember the incredolivy encountered in teving v introduce
such a novel concept within an cconomc maodel of a traditional oope

O course, as Bariloche made different assumptions. it obtained dillerenc resules;
in partdcular, it found that the growth of the developing countries was mdeed possible
within cxisting resources and reasonable assumptions, provided econumic agents
were rational. Tt also found that developing conntries did noc threaten the world
economy in their allempts o grow: no surprise here, However, at the policy fevel,
both “Limits to Growth™ and Bariloche encountered die same difticulos: How much
structural stability did those models have? In order o use the resubis for policy
analysis we needed o know how much the results depended on the numerical and
functional assumptions and how much was, instead, an intonsic properey of the
structure. built ot the model by its authors, Rephrasing this: Was Bariloche
structurally stable? Was “Limits to Growth” srructnrally stable?
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From Bariloche to the United Nations Model: Technology and
North-5outh Relations

A large global model 15 4 lme-consuming exercise, as any of the auchors will acrest,
and Bariloche was no exception to this rule. There was lictdle time o sty
methodological issues which were ourside irs scope. such as the question ol siruciural
stability. ¥el this question remained and (s importance became to me clearer as dme
passed. This is partly because, disguised as a rIWl'“.‘ldL!]UE;chll guestion, this was a
rajor issue in deciding the dt_::lt.tblhh of alternative economic development policies.

In 1978 the UNITAR Project on the Fuenre., led by Philippe de Seynes, gave me
the apporiunity o co-direct a United Navons project which we called “Technology
and North—South Relations.™ This project was to produce a global model that weould
revise Bariloche and focus on MNorth- South issues of imporeance fior the United
Matinns' development strategies, Technology was certainly vne such issue; North-
South relations was unother. Here T was given @ unique opporoinity o improve upon
the shorteomings of the Bariloche model which still haunted me, T could add a market
structure, and prices as a most important class of variables in the economic model
{Bariloche did not contemplate markets or prices), Thus T could really look at the
isauc of structural stabilicy and dig deeply into the sirocture of the world model which
we produced, in coaperation with my leam at Harvard and Columbia Universities,
and with another tearm led by 5 Cole at Sussex University (Chichilnisky, 1980; 1981;
1983 19804 198G},

As already mentioned, the methodological 1ssue was really a cover for some of the
most interesting policy issucs 1 have encountered in many vears. Judging by the
interest and the published comment and criticism generated by the work I'oﬂn-.-,mg
publicarion of the Unired Nations mode] in lht'juurr:u! o Develogment Economice in 19803
and 1984, and in other journals and books, it was apparent that others were also
attructed to these issues. The policy issues involved include some of the major
cancerns in international irade policy: the desirability of export-led growth and of
spectalization into “relative advantages™; the international markel’s role as an
“engine for growth™, and the role of aid in susiaining development.

From now omwards T owill relrain from discussing the methodological issue of
structural stability except in the context of these major policy issues: it will e more
fitting to the theme of chis journal issue to do so. Bur T must aleel the reader that
the methodological issue is not exhansted by hese policy examples, It is a
tundamental issue within the social sciences and 1l deserves to be treated as such, in
its proper context,

Global Models and North—South Relations

The first task of our United Nations project “lechnology and Narth—5outh
Belations”™ was to produce a model which would deal best with the major policy issue
of developing countries. The starting point was the question of satisfaction of hasic
ncods, an issuc central to the Bariloche model. P‘:'oduf‘[ng the Tnited Nations model
was a demanding task becanse most existing economic models were manufactured
with the industrial countries in mind, and therefore were not adequate for the stoudy
of developing countries. For example, a countey’s demand was typically dggn_g.m_d
into one econmmic statisue, thus preventng the study of cercain fundamental issues
regarding the difference in demand by difterent groups—i.e., the distribution of
o,
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We deaided that one of the most mieresting and diffienlt issues which had 1o be
addressed was how different policies affected different meome groups, and lor this
we disaggregared demand by income groups. This leads to the problem of how to
divide the population inte dilferent income gronps in a meaningful way that is, in a
way which would actually be wselul in understanding the impace of alternative
prolicies.

Two achieve this, the separation of roods inwe dilferenl ypes was reguiced,
particularly types of goods which were consumed in different propoertions by the
different income groups, Similarly, marker prices hecame quite important, becanse
atten {voluntary) policics are followed by (involuntary) price changes, For example,
tarills Tead 1o changes in markets relative prices. Price changes have a welfare effiect
of their own, alleciing the income groups which comsume most intensively the goods
whose prices have changed. Such wellare effects could, therelore, wark in the opposite
direction from thar which was inidally intended.

With these problems in mind we created a global model with several income
groups, and where goods were disaggregared aceording to their consumption by the
dilferent groups. Prices [or the diflerent goods were determined by marker forces. For
example, basic poods were introduced, defined as 4 bundle of goomds which were
consumed most incensively by the lowest income group. Each region was modeled
as a market ecomomy which produced and consumed several groups of goods, and
which had several groups of consumers cach consuming o group of goods in different
propariions,

Having mwleled each region accordingly, we sel out lo model the international
ceonomy, and then proceeded 1o compuie international market equilibria. All gonds
were internationally traded, and e international market, save for tarifiz where
applicable, was assumed o he competitve. An algorithm was developed te compute
the solulion, which for simplicily deseribed a positive adjustment hetween gonods
exported and their prices until @ market clearing equilibeium was reached, under the
assumprion that it more goods were exported. internatonal demand should have
increased, and lhln would paturally lead 1w higher prices, The purpose was Lo
approximate an “export-led” policy, in which the developing countries faced a larger
demand for their products, and exported more.

Al this point our experimental laboratory, the numerical global maodel, started
pmdui ng bl_l_rl_]rl';t_‘,b More exports were associaled with lower, nal W|I}| higher,
prices, even i the increase in exports derived [rom an increase in the demand lrom
the rest of the world. After considering several possibilives, including, of course,
numerical errors, we had to admit chat in the world represented by this model a
policy resulting in the North (the industrial countries} importing more from the Sauth
{the develnping countries] lowered the prices for the South’s exports. Since hese
exports are labor intensive, this in turn led to lower wages, to lower levels of sutput,
and 1o lower levels of employment in the South as well, In the logic of the model,
Increasing eXporLs reduced the weltare in the South.

The -,uupnz,n:-, cdhid ron end here, The numerical resules also shoswed that the North
was consuming more of all gi.u.ld:- in all income levels due W the added purchasing
power derived trom lower import prices. The policy which led to increasing imports
in the North was beneficial for the North hut certainly not for the South. It is
important to note that all of this wok place in stable markes; if the world’s demand
[or a product increased, then prices increased correspondingly, 'I'he reason was that
as the North’s demand increased, the South's did not, thus prices did not increase
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with an cnlarged murkel lor exporis. Fven owith siabiliny, exporting more was oo
Betrer don the South: i was worse, 5o much o expor-led policies,

Having reached such a poing, the only alternative open wthe saentise is oty 1o
understand the reasons producing these results trom the numersical experients, The
resnies did nor appear to tally with exisung theory, althongh in tact, they dicd, T hse
results broughe o oae atendon ssues which are seldom disenssed e ceonomic
theory, and which were nnt understood undl thens,

These issues can be deseribed as follows: ifa country is exporting a labor-iniepsse
commodity mostly consumed by wage earners, and if the country’s demand response
lo prices s steomg while supply responses are weak, Wthen any increase in prices of
hasic goods increases domester demand more than domeste supply, thes loweriog
exports. Lnder these conditions, the only way exports can increase s by lowering
domestic demandd. which in mrn s achieved by Jowering wage income, anct reduring
emplovment and production. The increase in exports would be accompaned by an
increase inoimports by the rest of the world, but thes does nal alter che resalis. A
dismal outeome, bt a very real one: subsequent empirical studies amreed with the
theoretical Tesuics (Chichidmsky and MoT.ewd L3980, Clachilmsky, Heal and Meleodd
s i

Tius outeome was understood onbe atrer simplitving the global model o 0 pwo-
countty two-good mowdet, stmilar o che classical Heckscher-Ohlin modet, but baving
v chiffering learnres: {1} the supply of factors (capital and latm-'l 15 mot fied, and
1omereases atrongby i the South depending on peices, and, (2] echoologies are
ditferent in the two regions, Toohes Sowh the modern and che raditional sectors differ
considerablv, while the Novth extobis o rather disivibutional homogeneons technod-
oy across s enre cconomy. These two leatures were deaoted abundant laboar
supply and dual rechnoloeies. vespectively. 'The North was  conscrued w be
homaorencous, and s factors o be relatively supply melasiic

fn the context of a stimpliticd madel, these results were proven by mathemsicsl
theorems, 1 which the above condibons were formabized. Vhe consequences of
expori-led policies already discussed were formally proven Tor mockets winh all
stability properoics

These results lor expori-led pelecees in the Sourh with abnndant labor and duoal
cechnolories, led woa number of publicavone (Chichilnisky, 1981 19884 18RG;
These ded in mrn to very considerable comment wd coticsme i the fuaaol of
frevefnpment fronemicr in 195 und 1084 because they were considered vers sorprising,
As 1o be expected, they were ot welcomed by advocanes of export-led grosth, The
ssue was complicated further because a cortamn machematical desierity was
necessary W0 prove the above results, which went bevond the average Tevel o
comventional trade theory, ellectively introducing new theorecical wals o the feld,

As the theory hecame beteer understood, it became possibie o determine the range
of paramelers under which such resulis could occwr, and those under which the
oppostee would happen. Fxport-led ppdicies then could only he advised inthe lacter
case bur not in the former, The range of parameters determining the outeome
included  technology parameters such as  the oput-onipor coelMoients o the
production functions of the different goods. Thus, technological considerations could
be wsed to recommend export-led policies, o e the canteary, 1o avaid them.
Reciprocally, if export-led mrowth was a goal, certain cechnologies were needed 1w
gudrantec positive resulls, Technology and basic needs were thus tied up in exporr-
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el policies, byoaneans of the experimencs with a elobal model,

Aczecond experiment was conducred relared woanother magor issue in North Sourh
relations: foreign anl. A stmidlar sequence of svenis, wiich v now the reader can
reconstruct withouo narratve, led o g theorem proving that o stable worid
coonomies with ar feast chree countries, a donor counry can make selt berter off,
and make the receving countey worse off alter the transfer aid from the former 1o
the Batter, This vecurs as o eesull ol e impact the transler has on equilibraom prices,
which reverts the primary positive ellec ol the transler e o negative one called e
frangfer pavado. The same resules wke olace alter one couney disposes of some ol the
sewils 0 exports [the deifiny paradec), The Tanier example was reminiscent of several
incidents involving the descruction of collee and ather basic expory crops in
developing countries,

The st ossue, namel the trrsier pavadoes, was a classical problem in trade

theory going hack to fohn Stmare Ml bue wich an tmportant owist. o che 1950

Paul Samuelzin had eontended thar rhis paraded condd only happen in ansiable
markets, and thevelore that 11 was of little practical interest, The stable resalts of
Chichilnisky (Chichilnisky, Pl DUED 1940 ook several aathors by surprase.
tending rooa large number of puklicacioms intended o clacfy and explain the resulis
i e foaraad of Decefogoend Aovaommecs in PR3 The Unoed Nations olobal model, our
scperimental laboraiory, was responsible Tor alitaining these resalis, ey opening oure
cves W possibiliees nor eovisaged Delire,

Phe aexe seep following the theoretcal anadvas s the aciwal Mung ol the model
te cata, and the development policy recommendations. [his was achicved inoz
number of publications, (Chichilnisky, 19810 I984a; 1986, Chichilnisky and Cole,
LU7E) dealing with specilic countries as well as with the siobal econamy (Ghiclul-
nisky, 1984 d).

The thenretical analvsis of reduced versions al the giobal madels, which bed oo the
understanding of these resules, disclosed alse the degree of stabalior of these
conclusions. in cach case. a range of paramerers was identfied wichin which espore-
Tedd pobicies would be Govorable, or non, andd tnothe fater case, where aid would have
A Favorable eilect or nat, The steoerueal staliliny of the results was estanbished. This
meant Lhat within aowide range of parameters we were assured thay the gualilative
prediciions would be preserved. Despioe smadl errors of observadons, we could sull
appiy the results of policy anabysis with a corran measure of confidence

Export-led Policies and Aid: Two Major Issues of North—5outh
Relations

Uhese two major policy issues, the impact of aid and of export-led policies, served
tollnstrate the applications that global modeling has had to North—souch relations.
The numerical global model wsed as an expenimental laboratory disclosed racher
unexpected results which haed not been known betfore. Phe analysis of smaller versions
of the model led o new thearies and 1o new insighis intn pediey, all hased on he
expermenial ooy provided by the global model.

This 15 in a4 wav the mest suceessful tvpe of applicaton of global modeling in the
sncial soiences. 11 points oA siraregy which represenrs a substitute lor experimerntal
work which can be pertormed and which, aleng wich rthesrv, leads 1o a desirable
halanee of harh.
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Conclusion

The last twenty vears have witnessed m:ijnt' changes in global modeling, 1t was
initially a rather diffuse and all-enc omp; assing computer discipline addressing major
global issues and detecting points of crisis and possible solutions, Ieis now mostly a
\ulhllLuLt‘ [or experimencal laboratorics in the global agenda,

¥e have discussed the evolurion of global modeling, using as an example that of
Lhe Bariloche model, one of the first global models, ino the United Nations model
“Technology and North—Seuth Relations,” The [ormer was used to investigate
humanity’s ahility 1o sarisfy hasic needs; the latter: w focus on and evaluate more
spectic trade policies and other major issncs of North—South relations, such as aid.
In the process of developing the maodel a methodological question, the structural
stability of the results, led 10 a new modeling methadelogy. Global models were used
for conducting policy experiments and to test numerical responses; simaller versions
of the model were used W investigate in depth the structure of the resules, and their
reliability for policy. The global model itself remains an experimental laboratory lor
the social sciences.

Notes

. The Bariloche model 33 an interdiscipliname compaierized model af the world econormy
dividled inwo lve regjnn_q, which -:_-r_n-rrg*spr_nul mugllhﬁ iy the continents. Tv was created l‘:y a
teaum of Third Werld scienists in Fundacion Bariloche, Provineia de Bio Negro, Argentio,
Between 1971 and 1976, and subsequendy published in several languages, The throse of
the model was ita ecconomic model, o mathemaucal one that mooduced and detined che
cuncepl of Basic Needs, and put this concept ac the center of the developmenn objeciives,
o plans, tor Third World countries and the world economy. T was the authore of the concept
of Bazsic Needs, and of the cconomice mdel of Barilache.

4 The Heokselwer-Ohling moadel tlrepil.‘1.‘i aworkd CORIOETY with twa countries [ov ru:giﬂns‘.- which
trade with cach other in a competitive market fashion. Faciors of producton are Tabor aodd
Capi[ﬂ.l_ BUtt] Ttg'i(_!l'l_& LS lhr S T ltk:}l[lf_ililgil‘.?‘ o F“"“dl]f\'linll I.-I.][ll.n1-||'J|.'lﬁ L p‘]'l‘ldurl‘ 1w
soeils. The twn regions are wentical except for factor cndowments, One is labor-rich; the
other is capital-rich, The reason thew wrade s heie relative advaniages: the laboe-rich region
exports the labor-imtensive goods and the capital-rich region cxports the capital-intensive
gonds, "Uhiz model is taught as a foundation of international trade, but 10 has been shown
i bee empirically meorrect Toe alwoul 50 years,

References

Chichilnisky, (5, (149771, “Feonomie Development and Etfcieney Criteria in the Sasbocion
of Basic Needs.™ lpﬁfs.,ﬂ Mathematical Madeling. 1 (6] 2H0-245,

Clhichilnisky, G. (1980, "Basic Guoods, the Effects of Commedity Translers and che
International Beomomie Order’ frmn.rrf el Develogunen! Ervonomics. 70 30535119,

Chichiluisky, G, (1981). “Terms of Trade and Domesiie: Distrbution: Fxport Led Growth
with Abundant Labor ™ feeroal of Decelapwient Economics. 8 163-192

Chichilnisky, G. (1983], *“Ihe Transter Problem swith Thees Agents Onee Again: Characteriza
tion, Undgueness and Sabili™ fournal of Deeelopment Eeonomics, 13: 247244,

Clichilunisky, G. [1984a). *North—5outh U'rade and Expore Led Policies.” fosreal of Develugiment
Eranemics. 130 131-160

Chichilnisky, G, (1984b), “The Transfer Problen in Stable Markets: A Kejoinder to
Rejoinders.” Journel of Decelopmeent Keosmnics. 162 519320,

Chichilmisky, G, (1984¢). “Agriculural Produoctivity and Itade: Argencina and the TTSA™




Creacinea CrHIcCHILNISEY 1H5

fwith 1% MeLeod), Working Paper Noo 1985, Oviober 19894, Global Analysis anld
Projections, The Werld Bank.

Chichilnisky, G. (1984dh, ¥ Resources, Trade and Debie the Gose of Mexion”™ [with (. Heal
and 1 Moleod), Division Paper 19843, November 19584, Global Analysis and Projeerions,
The World Bank.

Chichilnisky. (3. {19865 “A General Equilibrivm Theory of Dorth—sSouth "Urade.” Lisass in
Huomor of K . Arvee, vol. 2, Che 10 (W [leller, 1, Starret and R Staer) weds). Cambiriclge
MA: Cambridge L niversity Press.

Chichilnisky, G, and &, Cole, {19781, “A Model of " Uechnodogy, Distribunon and Norch South
Relations,” Feobrmlagice! Foreravting aad Seedol Change. 130100 297 390,

Cole, &, and T Miles, (19843, Farlds Apart, New Jersew: Rowman and Allenheld.

Cole, 5., G, Freeman, M. Jaheda and k. Paviet (0075], Fhinking obowi the Foldare. Lomadom:
Chatte and Windus,

Freeman, O, and M. Jahoda (1978} World PMatires: $he Coreat Debate, London: Martin
Ruobertson.

Heal, G, {19737, "The Depletion of Exhaustible Resources.” In Cantesmparary Feiues in Ecoisimics,
-::}-.-{. Parkin amd AL E\-l:-h:ﬂ_.', edsy. Manchester: Manchester L;n'u-\‘r.*-]L}' Presas.

Uerrera, A, G Chichilnisky o af, (1976), Catastraphe or Men Society, Chtawss TR

Leontief, WA, A, Carter, and P, Pen (1977), The Future of the Borld Ewm;n;_'} — A Linited
MNatdens Sewdy. New York: Oxford University Press,

Meadows, 1011, DL Meadows, J. Randers, and W.W, Behrens 111 (1972, Yhe Limits fo
frrmendl. Dew York: Universe Dooka.

Diographical Note

Giracrria CHICHILNEEY 15 Protessor of Leonomics at Columbia Uuiversiey, Mew
Y¥ork, She taught previously at Harvard University and the Universicy of Tissex, and
part of the Barilloche model, and coaucthor of the United Nations Model of
Technology and MNorth-South Relations. She has published numerous scientific
articles and several books in the areas of mathemates and coonomies, and her most
recent books are The Eevlving Internatione! Econorry, Cambrdee University Press
(19873, coauthored with . Heal, and 0§ in e Tniernationel Eewnowey, Oxlord
Ulniversily Press ([ortheoming).

ADDRESS: 338 Riverside Drive, New York NY 10025 T78A.



